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osting by E
cense.Abstract Thirty-two representative samples of groundwater collected randomly from Dera Ghazi
Khan (City)-Pakistan were analyzed for physical and chemical quality parameters with special
attention to life threatening parameter arsenic (As). The arsenic (As) concentration in groundwater
of study area was found from 1 to 29 lg L1, which lies in the satisfactory range recommended by
WHO (i.e. <10 lg L1), for most of the samples examined except for few ones. This mild enrich-
ment of Arsenic in few sites/wells is the result of most probably microbial contamination, metal
leaching from the mine wastes and reduction of hydrous ferric oxide (HFO). The arsenic (As) trend
with respect to physicochemical water quality parameters was observed during the study. Apart
from arsenic (As), physical parameters (pH, EC, TDS, turbidity) and chemical parameters (alkalin-
ity, CO3, HCO3, Cl, F, NO3, SO4, Na, K, total hardness (TH), Ca, Mg and microbial contamina-
tion) of potential concern for drinking water were estimated by using analytical techniques.
Electrical conductance (EC) and total dissolved solids (TDS) values of groundwater were extremely
high from WHO guideline values with no appreciable change in pH values for virtually all samples.
Likewise, the chemical quality of groundwater samples also goes beyond the WHO guideline values
for parameters such as chlorides, sulfates, sodium, calcium, magnesium and total hardness (TH).
During the study it was discovered that the tropical or geographical reason works well behind this
undesirable chemical behavior of groundwater.
ª 2010 King Saud University. Open access under CC BY-NC-ND license.ahoo.com (M.A. Malana),
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lsevier1. Introduction
Groundwater contains salts whose nature and concentration
depend upon the environment, movement, and source of the
groundwater. High concentration of soluble salts found in
groundwater originates primarily from weathering of rock
materials (Field and Haines 2000). Groundwater, passing
through igneous rocks, dissolves very small quantities of
mineral matter because of the relative insolubility of the rock
composition. Sources of groundwater contamination include
40 M.A. Malana, M.A. Khosasaltwater intrusion, landﬁlls, leakage of underground storage
and septic tanks, severe agricultural practice and salts applied
for snow controls on roads which may seep through the aqui-
fer (Miroslave and Bashkin, 1999). Arsenic is the twentieth
most common element in nature. It is widely distributed
throughout the earth’s crust and commonly found in the atmo-
sphere, soils, rocks, organisms and natural water (Jain, 2000;
Smedley and Kinniburgh, 2002). It can combine with other ele-
ments to form inorganic and organic arsenic compounds. Inor-
ganic arsenic is comparatively more toxic than that of organic.
In groundwater, arsenic is found exclusively as arsenite
(As-III) and arsenate (As-V). Arsenite (As-III) can be con-
verted into arsenate under oxidizing conditions (well-aerated
surface water). Likewise, arsenate (As-V) can become arsenite
under reducing conditions (anaerobic groundwater) (Lian and
Jian, 1994; Braman, 1975; Gabor and Coldea, 1977). Arsenic is
mobilized in the environment through the combination of
natural processes such as weathering reaction, biological activ-
ities, volcanic emissions and anthropogenic activities for
instance petroleum reﬁning, use of wood preservatives, pesti-
cides and herbicides (Zaw and Emett, 2002; Gecol, 2004).
Elevated arsenic contamination is found in groundwater as a
result of the inﬂuence of water-rock interactions or where
favorable physical and geochemical conditions prevail for
arsenic mobilization and accumulation in the aquifer. Arsenic
is classiﬁed as a Group A carcinogen by the United States
Environmental Protection Agency (Lien and Wilkin, 2005).
Arsenic ingestion by drinking water may cause internal malig-
nancies cancers, vascular disease, and non-malignant skin
alterations, unborn babies (Zhang et al., 2003).
Major objective of authors was to delineate an area with an
arsenic-rich ground and to provide base-line data for addi-
tional studies. A secondary objective was to provide an evalu-
ation of potential sources of the arsenic rich ground water, if
possible, given the limited data collection associated with this
study. Additionally, giving remedial measures to combat the
threat of over-valued water quality parameters especially ar-
senic was also part of this scientiﬁc investigation. Earlier, no
data of chemical analysis of groundwater parameters are avail-
able for this city and data available pertaining to concentration
of Arsenic and other physico-chemical parameters about near-
by regions i.e. district Muzaffargar and Multan-Pakistan by
Nickson et al. (2005) were so alarming that it paved the way
for authors to make investigational study leading to invaluable
chemically important information in this region.
2. Topography of the study area
Dera Ghazi Khan (abbreviated as D.G.Khan) is a district in
the Punjab province of Pakistan. The district covers an area
of 13,740 km2; it is a long narrow strip of country, approxi-
mately 198 km in length, sloping gradually from the hills which
form its western boundary to the river Indus on the east. Below
the hills the district is high and arid, generally level, but some-
times rolling in sandy undulations and much intersected by hill
torrents, 201 in number. With the exception of two, the
streams dry up after the rain, and their inﬂuence is felt up to
merely few miles below the hills. The eastern portion of the dis-
trict is at a sufﬁciently low level getting beneﬁt from Indus
ﬂood. Although liable to great extremes of temperature, and
to a very scanty rainfall, yet the district is not unhealthy.Population of this city is rapidly increasing and reached the
alarming ﬁgure of 1000,000. This tremendous increase in pop-
ulation has not only increased the demand of pure water but
also enhanced the industrial as well as domestic efﬂuent into
streams that has left impact on the aquatic system extensively.
Basically, agriculture is the main source of livelihood of the
people living here despite the fact; some industries on minor
level play their role for providing jobs to the residents of this
city. Fertilizers, pesticides and herbicides used to enrich the
fertility of lands are somehow, responsible for polluting the
water aquifer. Geographically, Dera Ghazi Khan (City)-
Pakistan is important in sense it bridges all four provinces with
one another due to its central location in the country. The city
has been divided into several symmetric alpha-numeric blocks
(i.e. A–Z and 1–50) and 30-populated colonies. On its east, In-
dus River is ﬂowing just at the distance of 15 km from the
main population area, while after 30-km rocky and mountain-
ous area of Sakhi Sarwar and Fort Minro starts in the west.
These two factors (mountainous area and river) are likely to
be responsible for changing the chemical behavior of ground-
water and making it unﬁt for drinking with slightly bitter taste.
In the study area, ground-water is not only used for drinking,
cooking and washing but also people are dependent on
groundwater for their agriculture and industry.
3. Results and discussion
3.1. Physical quality parameters
The quality characteristics of physical parameters in the
groundwater of D.G.Khan-Pakistan are summarized in
Table 1, which indicates that electrical conductivity (EC) is
extensively high for almost all 32-samples examined. High val-
ues of EC are related to enhanced concentration of soluble
inorganic salts in groundwater of Dera Ghazi Khan-Pakistan.
Apparently, the reason for such high concentration of salts in
groundwater is geographical location of study area across the
rocky/mountainous region namely Fort Minro in the west.
Thus excessive soluble salts in groundwater of the area may
be on the account of dissolution of minerals from local soil
and bed rock (Hem, 1959; Freeze and Cherry, 1979; Peters
1984). Nevertheless, few samples with comparatively less EC
values are of those sites which are close to Indus River in
the east and farther from mountainous area in the west. Of
all thirty-two samples, pH is predominantly alkaline and thus
is in the satisfactory range i.e. 7.00–8.20 which is in accordance
with the prescribed limit of WHO guideline value for pH i.e.
6.5–8.5 (World Health Organization (WHO), 1984). Table 1
shows that turbidity of many samples comes under the
WHO recommended guideline i.e. 5-NTU. However, the only
three samples S-8 (Block 43), S-26 (Pul Daat), and S-27
(Rajput Colony) exceed WHO guideline value for turbidity.
WHO guideline for total dissolved solids (TDS) is 1000 mg L
1 while the value obtained for TDS as shown in Table 1 is
far beyond the accepted value i.e. 1000 mg L1 for almost all
32-samples. If we see the values of relationship between TDS
and EC (i.e. ke = TDS/EC) in Table 1, it gives coincidence be-
tween two values (i.e. TDS and EC) up to some extent which
shows that approximation i.e. TDS = ke (EC) Wood, 1976;
Hem, 1985; Lloyd and Heathcote, 1985 is not justiﬁed enough
to ﬁnd out the exact values of TDS by virtue of EC and TDS
Table 1 Physico-chemical groundwater quality parameters in the area of Dera Ghazi Khan (City)-Pakistan.
Sample Location Temperature (C) E.C (lS cm1) · 1000 pH Turbidity (NTU) TDS (mg L1) · 1000 kea
S-1 Block 8 30 7.51 8.11 0 6.965 0.9
S-2 Block 10 28 7.4 8.04 0.7 6.816 0.9
S-3 Block 13 29 6.14 8.17 0 5.677 0.9
S-4 Block 16 30 6.63 7.3 0 6.58 1.0
S-5 Block 28 27 7.88 7.9 0 6.889 0.9
S-6 Block 32 31 6.87 7.54 1.3 6.626 1.0
S-7 Block 42 30 7.62 7.8 0 7.41 1.0
S-8 Block 43 28 5.69 7.6 9.4 4.976 0.9
S-9 Block 47 29 6.14 7.2 0.2 5.491 0.9
S-10 Block 48 26 7.49 7.5 0 6.956 0.9
S-11 Block D 27 8.35 7.9 0 7.829 0.9
S-12 Block F 29 5.48 7.3 0.2 5.164 0.9
S-13 Block H 30 6.49 7.9 0 6.7 1.0
S-14 Block V 30 7.92 7.3 0 8.401 1.1
S-15 Block X 29 5.92 8.1 0.22 5.955 1.0
S-16 Block Y 31 4.87 7.8 0 4.844 1.0
S-17 Block Z 30 2.26 7.5 0 2.383 1.1
S-18 Abbas Abad 28 6.78 7.34 0.34 6.244 0.9
S-19 Allah Abad 30 8.12 7.65 0 8.213 1.0
S-20 Chourhatta 31 2.39 7.52 0 2.681 1.1
S-21 Gharib Abad 30 3.56 7.93 0 3.522 1.0
S-22 Khiaban-E-Serwar 27 2.15 7.45 1.56 1.681 0.8
S-23 Mastoi Abad 28 1.43 7.44 1.45 1.484 1.0
S-24 Muslim Town 30 2.6 7.46 0.2 2.585 1.0
S-25 New Model Town 31 2.2 7.37 0 2.387 1.1
S-26 Pul Daat 30 2.15 7.72 7.04 2.193 1.0
S-27 Rajput Colony 30 2.34 7.47 5.9 2.69 1.1
S-28 Shahzada Town 29 2.3 7.44 0 2.62 1.1
S-29 Shakir Town 30 2.82 7.34 0.81 3.08 1.1
S-30 Shakoor Abad 27 1.99 7.45 0 2.092 1.1
S-31 Sikhani Colony 30 2.55 7.37 0 2.59 1.0
S-32 Umer Town 31 1.48 7.34 2.63 1.915 1.3
Sample Location
(mg L1)
Alkalinity
(mg L1)
CO23
(mg L1)
HCO13
(mg L1)
Cl1
(mg L1)
F1-
(mg L1)
NO31
(mg L1)
SO4
2
(mg L1)
TH
(mg L1)
Na1+
(mg L1)
K+1
(mg L1)
Ca2+
(mg L1)
Mg2+
(mg L1)
As
(l L1)
Balance
(%)
S-1 Block 8 3.2 15 270 312 1.4 41.3 2836 2040 800 15.8 344 286.7 1.136 1.5
S-2 Block 10 9.1 0 210 383 1.5 33.2 2894 1800 880 16.7 352 223.5 16.42 0.4
S-3 Block 13 3.8 20 280 241 0.86 35 2334 1520 740 14.9 304 184.7 0.4035 1.2
S-4 Block 16 9.1 0 440 312 1.24 17 2870 1520 900 28 296 189.5 0.709 4.1
S-5 Block 28 6.2 0 410 255 1.36 11 2900 1840 860 14.7 320 252.7 20.76 0.1
S-6 Block 32 9.1 0 340 454 1.45 78.4 2421 2000 700 14.1 320 291.6 0.9875 0.4
S-7 Block 42 6.8 0 450 465 1.18 130 2770 2180 700 16.1 416 277.02 0.9885 3.9
S-8 Block 43 1.9 0 500 156 1.11 42 1770 1600 400 13.2 264 228.4 0.3782 0.6
(continued on next page)
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Table 1 (continued)
Sample Location
(mg L1)
Alkalinity
(mg L1)
CO23
(mg L1)
HCO13
(mg L1)
Cl1
(mg L1)
F1-
(mg L1)
NO31
(mg L1)
SO4
2
(mg L1)
TH
(mg L1)
Na1+
(mg L1)
K+1
(mg L1)
Ca2+
(mg L1)
Mg2+
(mg L1)
As
(l L1)
Balance
(%)
S-9 Block 47 4.8 0 480 255 1.08 28 2177 1440 640 12.1 192 233.3 29.3 3.4
S-10 Block 48 3.6 0 430 554 1.36 60 2497 1900 880 27.5 360 243 0.9931 0.7
S-11 Block D 5.4 0 380 227 1.43 23.5 3301 2400 720 14.7 416 330.5 12.45 1.5
S-12 Block F 5.1 0 350 184 1.26 22.5 2027 1520 560 12.7 288 194.4 1.057 1.2
S-13 Block H 2.5 0 400 199 1.39 30 2746 1820 510 420 328 243 1.55 0.5
S-14 Block V 8.5 0 370 213 1.26 20.5 3712 2400 880 15 480 291.6 12.8 1.9
S-15 Block X 5.4 0 510 241 1.12 30 2497 1840 560 14.5 360 228.4 17.25 4.9
S-16 Block Y 3.5 0 350 227 1.07 7.6 1948 1300 560 13.5 276 148.2 11.16 2.2
S-17 Block Z 4.8 0 460 99 0.96 1.4 702 640 260 11 128 77.8 0.5671 1.4
S-18 Abbas Abad 5.4 0 360 227 1.08 68.7 2512 1820 620 22 424 184.7 1.773 1.5
S-19 Allah Abad 0.8 0 320 525 1.4 53.5 3327 2400 780 14.9 528 262.4 0.9059 4.7
S-20 Chourhatta 4.5 0 540 128 0.41 73.5 647 820 195 12.1 160 102.1 0.9868 3.8
S-21 Gharib Abad 8.5 0 300 241 1 53.5 1250 960 360 17.3 256 77.8 0.3709 4.6
S-22 Khiaban-E-Serwar 8.5 0 104 128 0.27 9.5 623 430 215 7.5 136 21.9 1.124 0.9
S-23 Mastoi Abad 6.4 0 390 85 0.27 11.9 224 480 110 10.7 128 38.9 1.557 3.4
S-24 Muslim Town 1.5 0 400 156 0.86 15 700 840 180 11.8 192 87.5 1.162 1.8
S-25 New Model Town 5.6 0 360 99 0.66 9.6 719 680 280 13.1 144 77.8 1.325 4.4
S-26 Pul Daat 4.5 0 290 113 0.72 5.2 800 520 280 7.7 120 53.46 1.032 4.2
S-27 Rajput Colony 6.2 0 360 128 0.35 17.5 816 880 180 11.3 192 97.2 4.47 2.1
S-28 Shahzada Town 4.8 0 500 42.5 0.29 55 710 720 200 145 176 68 1.013 3.2
S-29 Shakir Town 4.5 0 365 142 1.14 10.6 1100 860 300 10.4 200 87.5 1.458 4.2
S-30 Shakoor Abad 2.7 0 360 85.1 0.25 9.4 578 600 180 11 144 58.3 1.392 1
S-31 Sikhani Colony 4.6 0 480 149 0.7 16.8 698 720 260 14.8 184 63.2 1.344 1.6
S-32 Umer Town 7.2 0 430 50 0.26 13 430 700 45 8.7 160 72.9 1.704 4.4
a ke = TDS/EC.
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Figure 1 Piper triangular diagram for the water type in the study area.
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always a possibility that for groundwater contaminated with
dissolved hydrocarbons causes reduction of the speciﬁc con-
ductance due to higher resistively of the hydrocarbon compo-
nents. It is also possible that there could be an enhancement of
the speciﬁc conductance of groundwater from polar organic
compounds (e.g., organic acids and bio-surfactants) produced
during degradation (Cassidy et al., 2001). High values of TDS
suggest that hydrolysis of sodium (Na) or potassium (K) sili-
cates is a countable factor in the chemistry of groundwater
(Chae et al., 2006).
3.2. Chemical quality parameters
3.2.1. Major anions
During the analysis of chemical parameters, it was determined
that the concentration of carbonates (CO23 ) in groundwater is
negligible in contrast to bicarbonates (HCO13 ) with very high
concentration ranging from 104 to 540 mg L1 in the ground-
water of Dera Ghazi Khan (city)-Pakistan. This concentration
of bicarbonates, indeed, is rather undesirable in terms of chem-
ical composition of water. Anion (HCO13 ) may combine with
major cations i.e. Na1+, Mg 2+, Ca2+ to yield its salt in water.
Having seen high concentration, as given in Table 1, of all
three major cations Na1+, Ca2+ and Mg2+ in the area, it
can be estimated that the water quality of study area may be
of many water types: Ca–Na–HCO3, Ca–Mg–HCO3, Na–
Mg–HCO3 and Mg–Ca–HCO3 etc (Fig. 1) Piper, 1994.
WHO guideline value for chloride in water is 250 mg L1.Contrary to this acceptable limit, chloride values for few sam-
ples for instance S-1, S-2, S-4, S-6, S-7, S-10 and S-19 are far
higher than given acceptable value while the average value
for chloride is 221 mg L1 in groundwater of study area. High
rainwater runoff, sewage discharge, leachate of salt solution in
the aquifer and industrial efﬂuent are major sources for
increasing the concentration of Chloride in groundwater.
Average value for ﬂuoride (F1) concentration in groundwater
of study area was 0.96 mg L1 which reﬂects the less solubility
of ﬂuorite (CaF2) in groundwater giving low concentration of
ﬂuoride (F1) in all samples of groundwater in D.G.Khan
(City). Similarly, nitrates (NO3
1) were found only in those
locations [S-6 (Block42), S-9 (Blcok48), S-17 (Abbas Abad)
and S-26 (Shahzada Town)]. Extremely high concentration
of nitrate (130 mg L1) was seen in S-7 (Block 42) revealing di-
rect impact from agricultural activities in the past before the
population expanded in this site. Moreover, sewage and indus-
trial efﬂuent including septic tanks discharged to unsaturated
aquifers, rain fall and animal excreta could also be sources
for elevated concentration of Nitrates (NO3
1) in nitrate rich
samples (Abu Rukah and Alsokhny, 2003). WHO recom-
mended 250 mg L1 concentration of sulfate (SO24 ). Given
values in Table 1, for the concentration of sulfate in all samples
of groundwater are far higher than the tolerance limit. Water
types (Ca–SO4) and (Mg–SO4) seem to be dominant in the
ground water of study area as shown in the Fig. 1 ( Piper,
1994). Tremendously high concentration of sulfate (as given
in Table 1) is mainly due to poor drainage system of domestic
efﬂuents and sludge disposal. In addition, mine drainage
Table 2 Statistics of Physico-chemical parameters of groundwater in the area of Dera Ghazi Khan (City)-Pakistan.
Parameter Units Min Max Median Average 10th 90th S.D CVa
EC lS cm1 1.43 8.35 5.59 4.88 2.15 7.85 2.44 50.10
pH 7.20 8.17 7.49 7.58 7.30 7.93 0.27 3.54
Turbidity NTU 0.00 9.40 6.54 0.99 0.00 2.52 2.24 225.76
TDS mg L1 1.48 8.40 5.07 4.75 2.10 7.37 2.25 47.39
Alkalinity mg L1 0.80 9.10 4.95 5.27 2.52 8.50 2.27 43.10
CO23 mg L
1 0.00 20.00 0.00 1.09 0.00 0.00 4.35 397.76
HCO13 mg L
1 104.00 540.00 375.00 380.91 281.00 498.00 92.21 24.21
Cl1 mg L1 42.50 554.00 206.00 221.11 86.49 446.90 133.30 60.28
F1 mg L1 0.25 1.50 1.08 0.96 0.27 1.40 0.42 43.44
NO13 mg L
1 1.40 130.00 23.00 32.32 9.41 67.83 27.80 86.04
SO24 mg L
1 224.00 3712.00 1987.50 1798.00 625.400 2899.40 1053.15 58.57
TH mg L1 430.00 2400.00 1480.00 1349.69 604.00 2166.00 639.05 47.35
Na1+ mg L1 45.00 900.00 535.00 491.72 180.00 878.00 274.28 55.78
K1+ mg L1 7.50 420.00 14.30 31.03 10.43 26.95 74.78 241.04
Ca2+ mg L1 120.00 528.00 270.00 268.38 136.80 416.00 112.48 41.91
Mg2+ mg L1 21.90 330.50 184.70 164.94 58.79 285.73 92.74 56.23
As lg L1 0.37 29.30 1.24 4.70 0.58 16.06 7.28 154.79
a CV= S.D · 100/mean
44 M.A. Malana, M.A. Khosawastes may contribute large amounts of sulfate through pyrite
oxidation; this is because salt leachate from nearby rocky and
mountainous region of Fortminro and Sakhi Sarwar in the
west may be attributed to sulfate pollution in groundwater
of Dera Ghazi Khan (city)-Pakistan.
3.2.2. Major cations
The groundwater of Dera Ghazi Khan (city)-Pakistan is hard,
with an average total hardness (TH) of 1349.6 mg equivalent
CaCO3 L
1 (based on the sum of Ca2+ and Mg2+ concentra-
tions). As a result, sodium (Na1+), calcium (Ca2+) and magne-
sium (Mg2+) concentrations, as clear from Table 1, in all
32-samples of groundwater; were found in abundance while
low concentration of potassium (K1+) ion in many samples
was observed except for only two samples i.e. S-13 (Block H
with 420 mg K1+ L1) and S-28 (Shahzada Town with
145 mg K1+ L1). These extra-ordinary high values of potas-
sium in said samples are confusing. Thus, authors are skeptic
in interpreting this unusual behavior of potassium (K1+) with
regard to strong agricultural background of the area as well as
immense effect of sewage discharge into groundwater. Like-
wise, higher concentrations of sodium, calcium and magne-
sium cations in groundwater might be due to mineral
weathering or mixing of rock solution in the aquifer, perhaps
even a combination of the two. Nonetheless, a sharp distinc-
tion can be made between two types of samples; ﬁrst starting
from S-1 to S-21 with high values of both cations and anions
concentration and second type of samples labeled by S-22–S-
32 provide data with considerable declining concentration of
cations and anions in groundwater of study area. The apparent
reason for this distinction is their location near the Manka
Canal passing by the second type of sampling sites as well as
their closeness to the Indus River resulting in the reduction
of concentration of inorganic salts as shown in Table 1.
3.3. Bacteriological contamination
Bacteria (coli forms) even if in slight contamination make
water unﬁt for drinking purpose and pose permanent threatfor several diseases such as diarrhea, typhoid, cholera, dysen-
tery, hepatitis, stomach problem and intestinal disturbances.
Out of 32-samples analyzed for microbial contamination,
11 samples gave indication for bacteriological contamination,
from highest to slight level, which is mainly result of an open,
leaky, unhygienic and unsafe drainage or sewerage system of
liqueﬁed solid waste in Dera Ghazi Khan (City)-Pakistan.
The results as shown in the Table 3, give an idea about the le-
vel or intensity of the microbial contamination in the study
area; according to which the highest level of microbial contam-
ination was found in S-1 (Block 8), S-3 (Block 13), and S-25
(New Model Town). With moderate bacteriological contami-
nation, samples like S-6 (Block 32), S-9 (Block 47) and S-27
(Rajput Colony) showed 50% black coloration in the sample
bottles. Samples with slight bacteriological contamination
(25% black coloration) are S-12 (Block F), S-16 (Block Y),
S-18 (Abbas Abad) and S-20 (Chourhatta). On the basis of this
semiqualitative analysis, it can be suggested that water before
use must be passed through UV-ﬁlters or ceramic ﬁlters. Alter-
natively, disinfection can be carried out through gas/liquid
chlorination or immense boiling can also show desirable re-
sults pertaining to bacteria free water.
3.4. Concentration of arsenic (As)
Arsenic (As) concentration in drinking water recommended by
World Health Organization (WHO) is 10 lg L1. Average va-
lue for arsenic (As) in the groundwater of Dera Ghazi Khan
(City)-Pakistan is 4.836 lg L1 which is indeed in a safe limit.
Of thirty-two samples, only seven samples (S-2, S-5, S-9, S-11,
S-14, S-15, S-16,) were marked with slightly above concentra-
tion of Arsenic (As) from the safe limit i.e.
10 lg As L1 as shown in Table 1. Natural enrichment of
groundwater by As can arise in numerous ways for example;
thermal volcanism, oxidation of arsenical sulﬁde minerals,
reduction of FeOOH while releasing its sorbed load to ground-
water, desorption of arsenic (As) from mineral sorption sites in
response to increase of pH and evaporative concentration
(Welch et al., 2000; Nickson et al., 2005). Sampling sites
Table 3 Semi-qualitative analysis of bacteriological contamination in groundwater of study area.
Sample Locatoin Source Level of bacterial contamination (%) Age of black Result/remarks
S-1 Block 8 Hand pump High contamination 100 Unﬁt for drinking
S-2 Block 10 Hand pump No contamination Nil Fit for drinking
S-3 Block 13 Hand pump High contamination 100 Unﬁt for drinking
S-4 Block 16 Hand pump No contamination Nil Fit for drinking
S-5 Block 28 Hand pump No contamination Nil Fit for drinking
S-6 Block 32 Hand pump Moderate contamination 50 Unﬁt for drinking
S-7 Block 42 Hand pump No contamination Nil Fit for drinking
S-8 Block 43 Hand pump No contamination Nil Fit for drinking
S-9 Block 47 Hand pump Moderate contamination 50 Unﬁt for drinking
S-10 Block 48 Hand pump No contamination Nil Fit for drinking
S-11 Block D Hand pump No contamination Nil Fit for drinking
S-12 Block F Hand pump Slight contamination 25 Unﬁt for drinking
S-13 Block H Hand pump No contamination Nil Fit for drinking
S-14 Block V Hand pump No contamination Nil Fit for drinking
S-15 Block X Hand pump No contamination Nil Fit for drinking
S-16 Block Y Hand pump Slight contamination 25 Unﬁt for drinking
S-17 Block Z Hand pump No contamination Nil Fit for drinking
S-18 Abbas Abad Hand pump Slight contamination 25 Unﬁt for drinking
S-19 Allah Abad Hand pump No contamination Nil Fit for drinking
S-20 Chourhatta Hand pump Slight contamination 25 Unﬁt for drinking
S-21 Gharib Abad Hand pump No contamination Nil Fit for drinking
S-22 Khiaban-E-Serwar Hand pump No contamination Nil Fit for drinking
S-23 Mastoi Abad Hand pump No contamination Nil Fit for drinking
S-24 Muslim Town Hand pump No contamination Nil Fit for drinking
S-25 New Model Town Hand pump High contamination Nil Fit for drinking
S-26 Pul Daat Hand pump No contamination Nil Fit for drinking
S-27 Rajput Colony Hand pump Moderate contamination 50 Unﬁt for drinking
S-28 Shahzada Town Hand pump No contamination Nil Fit for drinking
S-29 Shakir Town Hand pump No contamination Nil Fit for drinking
S-30 Shakoor Abad Hand pump No contamination Nil Fit for drinking
S-31 Sikhani Colony Hand pump No contamination Nil Fit for drinking
S-32 Umer Town Hand pump No contamination Nil Fit for drinking
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lated areas and display high concentration of EC, TH, major
cationic and anionic parameters. A sample with highest con-
centration i.e. 29.3 lg L1 of As is S-9 (Block 47) followed
by samples S-15 (Block X) and S-2 (Block 10) with 17.25
and 16.42 lg L1 of As concentration, respectively. Interest-
ingly enough, two samples S-9 (Block 42) with highest
arsenic concentration (29.3 lg L1) and S-16 (Block Y) with
11.16 lg L1 arsenic concentration were also found contami-
nated bacteriologically. Other two samples S-2 and S-15, nev-
ertheless, with moderate concentration of arsenic (As) were
although, not found bacteriologic contaminated directly, yet
are situated in the proximity of areas with slight microbial con-
tents. Therefore it can be estimated that mild enrichment of ar-
senic (As) in the sites/wells already contaminated by bacteria
might be due to increase of pH and exudation secreted during
microbial metabolism under anaerobic conditions (Gosh and
Bhattacharyya, 2004; Park, 2006). Besides that during this
study, authors were very keen to ﬁnd out any tentative rela-
tionship between Arsenic (As) concentration and other physi-
cochemical parameters in the groundwater of study area.
Fig. 2 is the graphical relationship between the concentration
of Arsenic and Physicochemical parameters pointing out triv-
ial positive trend of arsenic with respect to pH, EC, TDS and
other chemical parameters. There exists, however, no clear-cut
relationship amongst physicochemical parameters and concen-
tration of Arsenic (As).4. Experimental
4.1. Sampling
In order to carry out qualitative, quantitative, and semi-
qualitative microbial analysis, groundwater samples were col-
lected from 32-locations while keeping in view the population
and area of Dera Ghazi Khan (city)-Pakistan. All samples for
physicochemical analysis were collected randomly in polyeth-
ylene bottles of 1-liter capacity from hand pump (with differ-
ent depth ranging from 10 to 50 m. Flow rates ranged from 2
to 250 m3 h1. All wells were pumped for 15 min to remove
standing water from the casing and storage system prior to
sampling. These samples were ﬁltered through whatman 42
ash-free ﬁlter paper and split into two parts. To preserve
the samples, one part was acidiﬁed while adding 2–10 ml
35% HNO3 for Arsenic (As) and major cations. Other part
of the samples was left for the determination of major anions
in groundwater. Physical parameters like temperature (T), pH
and EC were measured in the ﬁeld by means of thermometer,
EC and pH meters, respectively. Likewise, groundwater sam-
ples were collected separately in clean, sterilized testing bot-
tles available in the microbiological testing kit for semi-
qualitative bacteriological contamination. Care was taken to
ensure, no accidental contamination occurs during the
sampling.
A R2 = 0.185
0
10
20
30
40
0 5 10
E.C (uS cm-1 x 1000)
As
 (
ug
 L
-1
)
B R2 = 0.5993
-10
0
10
20
30
40
7 7.5 8 8.5
pH
As
 (
ug
 L
-1
)
C R2 = 0.1829
0
10
20
30
40
0 2 4 6 8 10
TDS (mg L-1 x 1000 )
As
 (
ug
 L
-1
)
E R2 = 0.0889
0
10
20
30
40
0 5 10
Alkalinity (mg L-1)
As
 (
ug
 L
-1
)
F R2 = 0.1965
-20
0
20
40
60
0 200 400 600
HCO31- (mg L-1)
As
 (
ug
 L
-1
)
G R
2 = 0.2999
0
10
20
30
40
0 200 400 600
Cl1-  (mg L-1)
As
 (
ug
 L
-1
)
H R
2 = 0.1948
0
10
20
30
40
0 0.5 1 1.5 2
F-1 (mg L-1)
As
 (
ug
 L
-1
)
I
R2 = 0.2268
-100
-50
0
50
0 50 100 150
NO31- (mg L-1)
As
 (
ug
 L
-1
)
J R
2 = 0.1888
0
10
20
30
40
0 1000 2000 3000 4000
SO42- (mg L-1)
As
 (
ug
 L
-1
)
K R
2 = 0.2059
0
10
20
30
40
0 1000 2000 3000
TH (mg L-1)
Ar
se
ni
c 
(u
g 
L-
1 )
L R
2 = 0.2202
-10
0
10
20
30
40
0 200 400 600 800 1000
Na+2 (mg L-1)
A
s 
(u
g 
L-
1 )
D R2 = 0.0941
-10
0
10
20
30
40
0 5 10
Turbidity (NTU)
As
 (
ug
 L
-1
)
Figure 2 Graphical relationship between the concentration of arsenic and physicochemical parameters.
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The methodology reported by APHA (1992), Kundu and et al.
(2001) was of paramount importance. To ﬁnd the turbidity of
the samples, Nephelometric method by using turbidity meter
(Lamotte, model 2008 USA) was adopted and formazin poly-
mer was used as the reference turbidity standard suspension.
The turbidity was directly noted from the instrument scale
and total dissolved solids (TDS) was experimentally found
by taking the 50 ml of water samples in pre-weighed beaker
kept at water-bath. Water was evaporated till dryness and
the residue left in the beaker was measured and the values of
TDS were calculated for all water samples by using the for-
mula: TDS = residue (in mg) \ 100/volume (in ml). Quality
parameters such as alkalinity, carbonates, bicarbonates, chlo-
rides, calcium and total hardness (TH) were determined by
titration method. Magnesium (Mg) may be estimated as the
difference between hardness and calcium as CaCO3 if interfer-
ing metals are present in non-interfering concentration in the
calcium titration and suitable inhibitors are used in the hard-
ness titration. Calculation method was adopted for the analy-
sis of magnesium (Mg) by using the formula (APHA, 1992).Concentration of Mg (mg L1) = [Total Hardness (TH) as
CaCO3 mg L
1  Calcium hardness as CaCO3 mg L1] ·
0.243. Fluoride and nitrate ions were determined using ion
selective electrodes ISE (Cyber Scan pH/Ion Meter). Flame
photometer (PFP7, UK) was employed to determine the qual-
ity of sodium (Na) and potassium (K) in groundwater. Sulfate
was determined by means of a UV–vis spectrophotometer at a
wavelength of 420 nm. With special focus, concentration of ar-
senic (As) in groundwater was estimated by Hydride Genera-
tion Atomic Absorption Spectrophotometer (AAS). In
addition, Microbiological Testing Kit manufactured by
Pakistan Council of Research for Water Resources (PCRWR)
was employed to accomplish the semi-qualitative test for the
bacteria in groundwater. The sampling bottle was ﬁlled up to
the mark given on the bottles. After shaking and keeping it
in the digital incubator at 35 C for 24–48 h, evaluation was
made on the basis of color change in the bottles. Highly bacte-
riologic contaminated bottles completely turned into black
(100% black coloration), moderate contamination showed 1/
2 or 50% black coloration, slightly contaminated bottles
gave 1/4th or 25% black coloration while bottles with no
black color were marked with absolutely free bacteriologic
Groundwater pollution with special focus on arsenic, Dera Ghazi Khan-Pakistan 47contamination. To validate the data obtained as a result of this
study, ionic balance calculated as [100 · (Rcations – Ranions)/
(Rcations + Ranions)] was determined after converting the
concentrations of major cations and anions from milligram
per liters to milli-equivalents per liter as shown in Table 1. Fur-
thermore, statistical treatment of the data has been given in
Table 2 revealing standard deviation (SD) and coefﬁcient of
variation (CV) of the experimental data obtained during the
study.
5. Conclusions
Most of the groundwater samples taken from random sites of
Dera Ghazi Khan (city)-Pakistan were found unﬁt for drink-
ing, cooking, washing, bathing and for agricultural aspects.
High values of EC, TDS, sulfates, chlorides, sodium, magne-
sium, bicarbonates, total hardness (TH) and bacterial contam-
ination in many water samples were found and thus do not
comply with WHO guideline values for these parameters. Nev-
ertheless, parameters like ﬂuoride, potassium, carbonate, alka-
linity and arsenic are within the safe limit in many samples of
study area. At the scale of this investigation, the aerial distri-
bution of Arsenic (As) in groundwater of study area seems
to be random. It is therefore hard to assign the boundaries
around some area of concern with certainty. Mild enrichment
of Arsenic in shallow aquifers occurs in populated (urban) sites
where pollutant organics promote reduction of HFO which re-
leases its sorbed Arsenic to groundwater. Likewise, elevated
arsenic concentration in some areas might be responsive to
microbial contamination, thermal volcanism and oxidation
of arsenical sulﬁde minerals in study area. Moreover, there
seems no appreciable trend of Arsenic concentration with re-
spect to concentration of virtually all physicochemical param-
eters except for that small correlation between arsenic
concentration and values for pH, EC, nitrate, chloride, TH
and sodium does exist. This apparent correlation can provide
little practical usefulness in predicting the occurrence of en-
hanced concentration of arsenic since laboratory analyses are
required to quantify concentration of both arsenic and other
related parameters. This can, nonetheless, provide a founda-
tion for the hypothesis that the alteration of volcanic materials
to clay is directly or indirectly related to the occurrence of ar-
senic rich groundwater. For the validity of this hypothesis, de-
tailed subsurface geologic characterization along with
additional geo-chemical and hydro geochemical evaluations
are suggested for research in future.Acknowledgements
The work is acknowledged to Chemistry Department, B.Z.
University, Multan and Pakistan Council of Research for
Water Resources (PCRWR) Islamabad, for providing labora-
tory facilities.References
Abu Rukah, Y., Alsokhny, K., 2003. Geochemistry 64, 171–181.
APHA, 1992. Standard methods for the examination of water and
waste water, 18th ed. American Public Health Association, New
York.
Braman, R.S., 1975. Arsenical Pesticides. American Chemical Society,
DC, Washington.
Cassidy, D.P., Werkema, D.D., Sauck, W.A., Atekwana, E.A.,
Rossbach, S., Duris, J., 2001. Journal of Environmental and
Engineering Geophysics 6, 47–52.
Chae, G.T., Yun, S.T., Kim, K., Mayer, B., 2006. Journal of
Hydrology 321, 326–343.
Peters, N.E., 1984. Evaluation of environmental factors affecting
yields of major dissolved ions of streams in the United States.
USGS Water-Supply Paper 2228.
Field, F.W., Haines, P. J., 2000. Environmental Analytical Chemistry.
Blackwell Science Ltd., USA.
Freeze, R.A., Cherry, J.A., 1979. Groundwater. Prentice-Hall, Engle-
wood Cliffs, NJ.
Gabor, S., Coldea, V., 1977. Some aspects of the environmental
exposure to arsenic in Romania. Environmental Health Perspec-
tives 19, 107–108.
Gecol, H., Ergican, E., Fuchs, A., 2004. Journal of Membrane Science
241, 105–119.
Gosh, K., Bhattacharyya, P., Pal, R., 2004. Environment International
30 (4), 491–499.
Hem, J.D., 1959. US Geological Survey Water-Supply Paper 1473.
Hem, J.D., 1985. Study and Interpretation of the Chemical Char-
acteristics of Natural Water. US Geological Survey, Water Supply
Paper 2254, third ed.
Jain, C.K., Ali, I., 2000. Water Research 34, 3412–4304.
Kundu, N. et al., 2001. Environmental Geology 41, 451–460.
Lian, F.W., Jian, Z.H., 1994. Human Health and Ecosystem effects.
In: Nriagu, J.O. (Ed.). John Wiley and Sons, Inc., New York, USA.
Lien, H.L., Wilkin, R.T., 2005. Chemosphere 59, 377–386.
Lloyd, J.W., Heathcote, J.A., 1985. Natural Inorganic Hydrochem-
istry in Relation to Groundwater. Clarendon Press, Oxford,
England.
Miroslave, R., Bashkin, V.N., 1999. Practical Environmental Analysis
169, 248.
Nickson, R.T., McArthur, J.M., Shrestha, B., Kyaw-Myint, T.O.,
2005. Pakistan Applied Geochemistry 20, 55–68.
Park, J.M. et al., 2006. Journal of Geochemistry Exploration 88, 134–
138.
Piper, A.M., 1994. American Geophysical Union Transaction 25, 914–
923.
Smedley, P.L., Kinniburgh, D.G., 2002. Applied Geochemistry 17,
517–568.
Welch, H., Westjohn, D.B., Helsel, D.R., Wanty, R.B., 2000. Arsenic
in ground water of the United States: occurrence and geochemistry.
Ground Water 38, 589–604.
Wood, W.W., 1976. Geological Survey, Book 1. US Geological
Survey, Washington, DC (Chapter D2).
World Health Organization (WHO) 1984. Guideline for drinking
water quality, vol. 2, Health Criteria and Other Supporting
Information. World Health Organization, Geneva.
Zaw, M., Emett, M.T., 2002. Toxicology Letters 133, 113–118.
Zhang, Y., Yang, M., Huang, X., 2003. Chemosphere 51, 945–952.
